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Abstract²The role of irreversible electroporation using pulsed 
electric field (PEF) is to generate high voltage (HV) pulses with a 
predefined magnitude and duration. These HV pulses are applied 
to the treatment chamber until decontamination of the sample is 
completed. In this paper, a new topology for HV rectangular 
pulse generation for water disinfection applications is introduced. 
The proposed topology has four arms comprised of series 
connected half H-bridge modular multilevel converter cells. The 
rectangular pulse characteristics can be controlled via a software 
controller without any physical changes in power topology. The 
converter is capable of generating both bipolar and monopolar 
HV pulses with micro-second pulse durations at a high frequency 
rate with different characteristics. Hence, the proposed topology 
provides flexibility by software control, along with hardware 
modularity, scalability, and redundancy. Moreover, a cell¶V 
capacitance is relatively small which drastically reduces the 
converter footprint. The adopted charging and discharging 
process of the cell capacitors in this topology eliminate the need 
of any voltage measurements or complex control for cell-
capacitors voltage balance. Consequently, continuity of converter 
operation is assured under cell malfunction. In this paper, 
analysis and cell-capacitor sizing of the proposed topology are 
detailed. Converter operation is verified using 
MATLAB/Simulink simulation and scaled experimentation. 
 
Index Terms²Modular multilevel converters (MMC), pulsed 
electric field, high voltage pulses, water disinfection. 
I. INTRODUCTION 
ULSED electric field (PEF) generators are applied for 
electroporation, that is a process in which a cell membrane 
is subjected to high electric field [1].  
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Usually, the targeted cell membranes are of microorganisms to 
be decontaminated. This is required when bacterial 
decontamination is sought in an irreversible electroporation, 
for example in water purification and in the food industry [2].  
The parameters selection of the generated PEF is 
application dependent. However, voltage magnitude, pulse 
duration, repetition rate and pulse shape are the most 
important parameters. Hence, the main target of PEF 
generators is to generate a pulse of high-voltage (HV) across 
the terminals of the treatment chamber (which contains the 
substance) for sufficient pulse duration [3]. Among the 
different pulse shapes, rectangular pulses have high effective 
pulse areas; hence they are preferred for PEF application in 
water treatment [3].  
The HV pulses can be monopolar and bipolar. The 
monopolar pulses continuously subject the cell membrane to 
an electric field in a fixed direction, and thus the membrane 
cannot recover. Alternatively, bipolar pulses subject the cell 
membrane to mechanical stresses in addition to electrical 
stresses, hence can expedite the lysing process [4]. 
For effective lysing for water disinfection, the pulse voltage 
should be at least 10 kV with pulse duration of a few micro-
seconds (that is, 1 to 10 µs) [5]. 
Generating HV rectangular pulses, either monopolar or 
bipolar, is an established topic in the literature.  Classically, 
Marx generators, pulse forming networks, and Blumlein lines 
are applied in PEF applications [6]. However, due to the 
evolution of power electronic switches, with high voltage 
withstand and fast ON/OFF switching operation, numerous 
solid-state based HV pulse generators have been proposed. 
Examples of solid-state pulse generators vary from mimicking 
the classical generators, such as the Marx generator [7], to 
emerging new topologies and converters for generating the 
HV pulses [8]-[16].  
An important aspect in the newly developed HV pulse 
generators is modularity, which offers redundancy and robust 
pulse generation operation. In [8], the authors utilized several 
capacitor-diode voltage multiplier modules such that, with 
proper semi-conductor switching, the capacitors charge in 
parallel then discharge in series across the load which allows 
generation of HV pulses from a low voltage input AC supply. 
In [9] modularity is achieved via connecting several flyback 
converters in series/parallel in order to fulfill the output pulse 
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requirements. Although these topologies are modular, they are 
limited to monopolar pulse generation of a predefined 
duration. 
Exploitation of the modularity in modular multilevel 
converters (MMC) is addressed in literature, where the half-
bridge (HB) MMC cell, shown in Fig. 1a, is utilized to 
sequentially charge the MMC cell capacitors and then 
discharge them in series across the load [10]. However, 
extending this system to more than 3 kV pulses requires series 
connection of the used diodes, and it is only capable of 
generating monopolar pulses. In [11] and [12] a modified  HB-
MMC cell, shown in Fig. 1b, is used in a two arm topology 
(or, a single leg from the three-phase based MMC converter), 
the modified cell allows sensorless operation of the topology 
at a particular switching sequence of the MMC cells while 
generating the HV pulses. In [11] and [12] the default pulse 
generation is bipolar, however monopolar pulse generation is 
possible when changing the load ground point.  
This paper proposes a topology based on the conventional 
HB-MMC cells that can generate both monopolar and bipolar 
HV rectangular pulses. Pulse generation is controlled via a 
software controller, hence no physical changes are required in 
the power topology. Although the default pulses generated by 
this converter are bipolar and monopolar rectangular pulses 
with uniformly distributed null periods, the converter software 
controller can be programmed to generate other different 
customised rectangular pulses namely: a train of variable-
frequency rectangular bipolar pulses; a train of variable-
duration bipolar rectangular pulses; and a train of variable-
duration bipolar rectangular pulses with combined positive 
and negative null periods. Thus, the proposed converter 
provides software flexibility and hardware modularity, 
scalability, and redundancy.  
The cell capacitors are responsible for clamping the voltage 
across the cell switches, thus the voltage stresses are equally 
distributed on the converter switches. The adopted charging 
and discharging patterns of the cell capacitors in this topology 
eliminate the need of any voltage measurement or complex 
control to provide cell-capacitors voltage balance. Moreover, 
in case of cell failure, the converter is able to continue 
functioning without interrupting converter operation. The 
topology utilizes small cell capacitance, hence its footprint is 
significantly reduced in comparison to conventional MMC 
converters used in HVDC transmission applications.  
The proposed converter is introduced in section II, its 
operation principle outlined in section III, analysis and design 
given in section IV, and simulation and experimental result are 
present in sections V and VI respectively. 
II. PROPOSED CONVERTER TOPOLOGY  
The proposed circuit topology is shown in Fig. 2. It consists 
of four MMC arms (Armݖ, whereݖ א ሼ ?ǡ  ?ǡ  ?ǡ  ?ሽ) forming 
together an H-bridge connected to supply voltage ௦ܸ via an 
inductorܮ௦. Each arm is formed of ܰ series connected MMC 
cells, depending on the desired output voltage magnitude. 
Each arm comprises an arm inductorܮ௔ to supress the inrush 
current between the cell capacitors during their insertion. Each 
cell has a capacitor ܥ௖ in series with an auxiliary insulated gate 
bipolar transistor (IGBT) switch/diode ௫ܶ and both are parallel 
with a main IGBT switch/diode ௠ܶ, see Fig. 2. Depending on 
the switching sequence of the complimentary switches ௠ܶ 
and ௫ܶ, the cell-terminal voltage ஺ܸ஻ is either equal to the 
capacitor-voltage ௖ܸ or zero as illustrated in the switching 
table in Fig. 2. 
The proposed converter is capable of generating the bipolar 
(ݒ௕௜) and monopolar (ݒ௠௢௡௢) HV pulses shown in Fig. 3a and 
3b respectively. The controlling parameters are namely: the 
repetition time ( ௦ܶ) and the pulse duration (ݐ௣). The generated 
pulses can be defined by the time durations in (1) and (2) for 
bipolar and monopolar pulses respectively, see Fig. 3. 
 
ݒ௕௜ ൌ ۖەۖ۔
ۓ ൅ ௣ܸ ǡ  ? ൒ ݐ ൐ ݐ௣ ?ሺ݌݋ݏ݅ݐ݅ݒ݁݊ݑ݈݈ሻǡ ݐ௣ ൒ ݐ ൐  ?ܶ௦െ ௣ܸǡ ?ܶ௦ ൒ ݐ ൐  ?ܶ௦ ൅ ݐ௣ ?ሺ݊݁݃ܽݐ݅ݒ݁݊ݑ݈݈ሻǡ  ? ௦ܶ ൅ ݐ௣ ൒ ݐ ൐ ௦ܶ  (1) ݒ௠௢௡௢ ൌ ቐ േ ௣ܸ ǡ ? ൒ ݐ ൐ ݐ௣ ?ሺ݌݋ݏ݅ݐ݅ݒ݁݊ݑ݈݈ሻǡݐ௣ ൒ ݐ ൐  ?ሺܶ௦ ൅ ݐ௣ሻ ?ሺ݊݁݃ܽݐ݅ݒ݁݊ݑ݈݈ሻǡ  ?ሺ ௦ܶ ൅ ݐ௣ሻ ൒ ݐ ൐ ௦ܶ  (2) 
where ௣ܸis the peak pulse voltage.  
  
(a) (b) 
Fig. 1. Half-bridge modular multi-level cell: (a) conventional and (b) modified 
[11].   
 
Fig. 2. Proposed converter topology. 
III. OPERATING PRINCIPLE 
The same methodology is used to generate monopolar and 
bipolar pulses. The only difference is the omission of one 
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polarity during pulse generation. Accordingly, the following 
discussion will consider bipolar pulse generation to illustrate 
the basic concept. Additionally, the water under 
electroporation is modelled as a resistive load (ܴ) [4]. 
For proper operation, each arm should be able to withstand 
the dc-link voltage ௦ܸ, therefore, each cell-capacitor voltage 
is ௖ܸ ൌ  ௦ܸ ܰ ? . Table I shows the circuit configuration and 
summarises the operating sequence in each period. Generally, 
during positive pulse generation Arm3 and Arm4 capacitors 
are inserted to discharge across the load, while Arm1 and 
Arm2 are inserted during negative pulse generation. The 
positive and negative null periods in (1) allow charging of the 
lower arms and the upper arms respectively.  
The utilised MMC cells in each arm are all turned ON/OFF 
simultaneously, therefore, each IGBT switch is subjected only 
to the cell voltage. Thus, the cell capacitor clamps the IGBT 
voltage and enforces a symmetrical series voltage distribution. 
In both charging and discharging, the arm cell capacitors are 
inserted together forming a total capacitance of ܥ௖ ܰ ? per arm.  
IV. ANALYSIS AND DESIGN OF THE PROPOSED CONVERTER 
Based on the mentioned operating principle in Table I, 
provided all the arm switches are turned ON/OFF at the same 
time, a pictorial charging and discharging sequence of the 
equivalent arm capacitor is shown in Fig. 4. The instantaneous 
current flow through the load (݅௢), the input inductor (݅௦), 
Arm1 (݅஺௥௠ଵ), and Arm4 (݅஺௥௠ସ) are shown in Fig. 5.  
 
  
(a) (b) 
Fig. 3. Generated HV pulses: (a) bipolar rectangular pulse and (b) monopolar 
rectangular pulse. 
 
Fig. 4. Cell capacitors charging and discharging sequence for generating a 
bipolar pulse. 
TABLE I 
 OPERATING PRINCIPLE OF THE PULSE GENERATOR 
 
Circuit configuration Sequence of operation 
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x Capacitors of Arm3 and 
Arm4, C3 and C4, are 
inserted simultaneously 
while Arm1 and Arm2 are 
bypassed such that load 
voltage is +Vs. 
x Load current is formed by a 
combination of three energy 
sources; C3, C4 and Ls. 
x C3 and C4 discharge during 
this period. 
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x Capacitors of Arm2 and 
Arm4, C2 and C4, are 
inserted, Arm1 and Arm3 
are bypassed, and hence, the 
load voltage is nullified. 
x The load current is zero. 
x C2 and C4 are charged 
through Ls during this 
period. 
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x Capacitors of Arm1 and 
Arm2, C1 and C2, inserted 
while Arm3 and Arm4 are 
bypassed such that the load 
voltage is ±Vs. 
x The load current is formed 
by a combination of three 
energy sources; C1, C2 and 
Ls. 
x C1 and C2 discharge during 
this period. 
N
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x Capacitors of Arm1 and 
Arm3, C1 and C3, are 
inserted, Arm2 and Arm4 
are bypassed, and hence, the 
load voltage is nullified. 
x The load current is zero. 
x C1 and C3 are charged 
through Ls during this 
period. 
 
Assuming the voltages and currents notation in Table I are 
positive, the load current is calculated as ݅௢ ൌ ݅஺௥௠ଵ െ ݅஺௥௠ସ=݅஺௥௠ଷ െ ݅஺௥௠ଶ (3) 
while the input current ݅௦ is ݅௦ ൌ ݅஺௥௠ଵ ൅ ݅஺௥௠ଷ=݅஺௥௠ଶ ൅ ݅஺௥௠ସ (4) 
During positive pulse generation, the load current is 
supplied from three energy sources namely: Arm3 capacitors 
discharge through Arm1; Arm4 capacitors discharge through 
Arm2; and current from the input inductor. In contrast, during 
a negative pulse duration the load current is formed from three 
energy sources namely: Arm1 capacitors discharge through 
Arm3; Arm2 capacitors discharge through Arm4; and the 
input inductor current. Denoting the average input current 
asܫ௦, while neglecting semi-conductor losses: ௦ܸܫ௦ ൌ ܫ௢ ௢ܸ (5) 
where ܫ௢ and ௢ܸ are the load rms voltage and current.  
Accordingly, ௢ܸ is calculated using Fig. 3a as: 
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 ௢ܸ ൌ ඨ ?ݐ௣௦ܶ ௣ܸ (6) 
Since ܫ௢ ൌ ௣ܸ ܴ ? , ܫ௦ is ܫ௦ ൌ ௣ܸଶܸ௦  ?ܴߜ (7) 
where ߜ ൌ ݐ௣ ௦ܶ ?  is the pulse duty ratio. 
 
From Fig. 5 and (3), the peak pulse current ܫ௣ can be 
expressed as ܫ௣ ൌ ܫ௦ ൅  ?ܫ௫ (8) 
where the capacitors discharging and charging currents are 
denoted by ܫ௫ andܫ௬  respectively. Accordingly, the capacitors 
current-second balance yields ܫ௫ݐ௣ ൌ ܫ௬ሺ ?ܶ௦ െ ݐ௣ሻ (9) 
whereas from Fig. 5 and (3) the capacitor charging current will 
be ܫ௬ ൌ  ?ܫ௦ (10) 
Solving (8), (9) and (10) yields ܫ௬ ൌ ߜܫ௣ (11) ܫ௫ ൌ ሺ ? െ ߜሻܫ௣ (12) ܫ௦ ൌ  ?ߜܫ௣ (13) 
As the average charge change in any cell capacitor should 
be zero, examination of either the charging or the discharging 
period is sufficient. Thus the equivalent arm capacitance ܥ஺௥௠ 
can be defined as ܥ஺௥௠ ൌ ܫ௫  ?ݐ ?ݒ  (14) 
where ?ݐ is the discharging current duration and  ?ݒ is the 
peak to peak voltage ripple. Substituting for variables from the 
previous equations gives ܥ஺௥௠ ൌ ሺ ? െ ߜሻ ௣ܸߜ ௦ܴܶሺߙ ௦ܸሻ  (15) 
where ߙ is the percent peak to peak voltage ripple of an arm 
capacitor. Accordingly the cell capacitor can be calculated as: ܥ௖ ൌ ሺ ? െ ߜሻ ௣ܸ ߜ ௦ܴܶሺߙ ௦ܸሻ ܰ (16) 
If IGBT voltage drop and the internal resistance ofܮ௦ are 
neglected, then ௣ܸ ؆ ௦ܸ. Then (16) reduces to  ܥ௖ ൌ ሺሺ ? െ ߜሻߜܶ௦ߙܴ ܰሻߚ (17) 
where, ߚ ൒  ? is a safety factor to account for the neglected 
losses. 
  Resonance between the dc link inductor and arm capacitance 
during charging of either the two upper arms or the two lower 
arms should be avoided. Device switching frequency should 
be well away from the resonance frequency of the equivalent 
LC circuits to avoid exciting resonance currents. Therefore, 
based on the calculated equivalent arm capacitance and the 
repetition time, an estimation of the inductance of ܮ௦ is: ܮ௦ ൐  ?ܶ௦ଶሺ ?ߨሻଶܥ஺௥௠ (18) 
V. SIMULATION RESULTS 
The proposed topology is assessed using 
MATLAB/Simulink simulations, with the parameters given in 
Table II. The capacitance of the cell capacitors are calculated 
based on (17) withߚ ൌ  ?, and (18) is used to estimate the 
input inductance. The simulations assess the ability of the 
converter to generate bipolar and monopolar pulses, as well as 
operation with faulty MMC cells.  
The simulation results when generating 10ȝs bipolar HV 
pulses at 10 kHz are shown in Fig. 6. The generated pulses are 
shown in Fig. 6a, the 4 arms capacitor voltages are given in 
Fig. 6b with a zoomed view of arms 1 and 3. The response of 
the capacitor voltages followed the expected response shown 
in Fig. 4. As a result, in this case for ௦ܶ ൌ  ? ? ?Ɋǡeach arm 
capacitor is responsible of discharging across the load for 
ȝV FKDUJLQJ IRU ȝs while keeping their voltage 
unchanged for 50ȝs. Additionally, each capacitor voltage is 
oscillating around 1000 V, that is ௦ܸ ܰ ? , with less than 5% 
voltage ripple, as expected.  
The proposed converter is capable of changing the pulse 
shape without changing the converter topology, specifically 
via software. Therefore, using the same specification as in 
Table II, the proposed converter is programmed to generate 
ȝV PRQRSRODU +9 SXOVHV ZLWK monopolar positive and 
negative polarities as well as ȝVELSRODUDQGPRQRSRODU+9
pulses, all at a 10 kHz repetition rate. The simulation results 
DUHVKRZQLQ)LJVDDQGEIRUȝVPRQRSRODUSXOVHV)LJ
FIRUȝVELSRODUSXOVHVZKLOH)LJd VKRZVWKHȝVSRVLWLYH
monopolar pulses. Moreover, generating rectangular pulses 
with different characteristics is explored in Fig. 8, where 
bipolar pulses with different positive and negative durations, 
ȝV DQG ȝV UHVSHFWLYHO\ are shown in Fig. 8a. Combined 
null periods bipolar pulses are shown in Fig. 8b such that the 
SRVLWLYHSXOVHGXUDWLRQLVȝVDQGWKDWRIWKHQHJDWLYHSXOVHLV
 
Fig. 5. Current waveforms through the load, the input inductor, Arm1, 
and Arm4. 
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The small voltage droop in the pulse peak is due to the 
decrease of the capacitor energy during pulse generation, this 
droop is reciprocal to the cell capacitor size viz. the larger the 
capacitor size the smaller the voltage droop and vice versa. 
 
TABLE II 
SPECIFICATION  FOR SIMULATION AND EXPERIMENTATION  
Parameter Simulation Experimentation 
DC input voltage          ( ௦ܸ) 10 kV 250 V 
Input inductance          (ܮ௦) 1.5 mH 0.5 mH 
Number of cells/arm     (ܰ) 10 3 
Repetition time             ( ௦ܶ)  ȝV ȝV 
Arm inductance           (ܮ௔) 15 ȝ+ 10 ȝ+ 
Load resistance             (ܴ) N  
Cell capacitance           (ܥ௖) ȝ) ȝ) 
Pulse duration              (ݐ௣) 10 ȝVand 4 ȝV 10 ȝVand 4 ȝV 
Percent voltage ripple   (ߙ) 0.05 0.05 
Safety factor                  (ߚ) 1 1 
 
 
 
(a) (b) 
Fig. 6. Simulation results for bipolar HV pulses, ݐ௣ ൌ  ? ?Ɋ: (a) output pulse, 
with base voltage 10 kV and (b) 4 arms capacitor voltages with zoomed view 
on Arms 1 and 3. 
 
  
(a) (b) 
  
(c) (d) 
Fig. 7. Simulation results for output HV pulses with base voltage 10kV: (a) 
ȝVpositive monopolar, (b) ȝVnegative monopolar, (c) 4ȝV bipolar, and 
(d) 4ȝVpositive monopolar. 
 
It should be noted that the ability of the converter to 
generate the a wide range of rectangular pulses is solely 
depend on the speed of selected controller in executing the 
control software instructions, such that the total software 
execution time is lesser than the required pulse repetition time. 
Moreover, for high repetition rates and/or short pulse 
duartions the utilisation of fast semi-conductor switches is 
mandatory.  
 
 
  
(a) (b) 
 
(c) 
Fig. 8. Simulation results for output HV pulses with base voltage 10kV: (a) 
Different duration pulses, (b) Combined different duration pulses, (c) Variable 
pulse duration and repetition frequency.  
 
  
(a) (b) 
Fig. 9. Simulation results for output HV pulses when two faulty cells in 
Arm1, ݐ௣ ൌ  ? ?Ɋǣ  (a) output pulse, base voltage 10kV and (b) 4 arms 
capacitor voltages. 
 
The cell capacitors are responsible for clamping the voltage 
across the module switches to ௦ܸ ܰ ?  without any voltage 
measurements or control. Thus, if one or more cells are 
subject to failure, the excess voltage will be shared equally 
between the healthy cell-capacitors. Hence, the new cell 
voltage ௖ܸ௙ under failure is 
 ௖ܸ௙ ൌ ௦ܸܰ െ ௙ܰ (19) 
where ௙ܰ is the number of the faulty cells. The simulation 
results in Fig. 9 address a cell failure case, where two cells of 
Arm1 malfunction while the converter still able to generate the 
desired bipolar pulses, as shown in Fig. 9a. Nevertheless, in 
this case the cell-voltage of each healthy cell in Arm1 will be 
1250V increased from its normal 1000V. Therefore, the 
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voltage stress is distributed between the healthy cells to 
alleviate the malfunction of the two cells, as shown in Fig. 9b.  
VI. EXPERIMENTAL RESULTS 
The test equipment to assess the proposed converter 
topology uses ultra-fast IGBT switches (STGW30NC60WD) 
while the control algorithm is implemented on Texas 
Instruments eZDSP F28335. The experimental parameters are 
given in Table II, and the scaled experimental rig is shown in 
Fig. 10.   Fig. 11 shows the experimental results for bipolar 
voltage pulses with  ݐ௣ ൌ  ? ? µs.  
 
 
Fig. 10. The scaled experimental test rig. 
 
  
(a) (b) 
 
(c) 
Fig. 11. Experimental results, ݐ௣ ൌ  ? ? µs: (a) output bipolar voltage pulses, 
(b) input current, and (c) a cell capacitor voltage in each of the 4 arms. 
 
 
 
  
(a) (b) 
 
(c) 
Fig. 13. Experimental results: (a) Different duration pulses, (b) Combined 
different duration pulses, (c) Variable pulse duration and repetition frequency. 
 
The output voltage pulses and the input current throughܮ௦ 
are shown in Figs. 11a and 11b respectively. The voltages 
across one capacitor in each of the 4 arms are given in Fig. 
11c with a shifted-zoomed view of Arm1 and Arm3 capacitor 
voltages.  Since the peak of the output pulse is 250V, each 
capacitor voltage should be around 83.3V, as shown in 
Fig.11c.  
A ݐ௣ ൌ  ? ? µs monopolar voltage pulse is shown in Fig. 12a 
while bipolar voltage pulses with ݐ௣ ൌ  ? µs are depicted at 
Fig. 12b. 
Generating customised rectangular pulse characteristics is 
explored in Fig. 13. Fig. 13a shows bipolar pulses with 
positive and negative pulse durations of  ?µs and  ?µs 
respectively. Combined null periods with positive and 
negative pulse durations of  ?µs and  ?µs, respectively, is 
VKRZQLQ)LJE,Q)LJFDWUDLQRIȝVSXOVHVDW kHz 
is combined with a train of  ?µs pulses at 2.5 N+]IRUDȝV
repetition time. 
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(a) (b) 
Fig. 12. Experimental results for the output voltage pulses: (a) monopolar at ݐ௣ ൌ  ? ? µs and (b) bipolar at ݐ௣ ൌ  ? µs. 
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(c) 
Fig. 14. Experimental results, when a cell in Arm1 is faulty: (a) output bipolar 
voltage pulses with ݐ௣ ൌ  ? ? µs, (b) Arm1 cell capacitor voltages along with a 
cell in Arm4, and (c) a cell capacitor voltage in each of the 4 arms. 
 
Finally, in order to verify the performance of the proposed 
topology during an MMC cell malfunction, one of the cells in 
Arm1 is deliberately short circuited while generating a bipolar 
pulse of ݐ௣ ൌ  ? ?µs. Again the parameters in Table II are used 
with an input voltage of ௦ܸ ൌ  ? ? ?V. The output voltage pulses 
in this case are shown in Fig. 14a. The faulty arm cell voltages 
are shown in Fig.14b along with a cell voltage in Arm4. The 
healthy cell voltages in Arm1 increase to 100V from 66.7V.  
The voltage across one capacitor in each arm for this case is 
shown in Fig. 14c. 
VII. CONCLUSION 
This paper presented a new HV pulse generator topology 
based on half-bridge MMC cells. The rectangular pulse 
characteristics are controlled via software control without any 
physical change to the power topology. The converter can 
generate both bipolar and monopolar HV pulses with micro-
second pulse durations at a high frequency rate with different 
characteristics. Hence, the proposed topology provides 
flexibility by software control, along with hardware 
modularity, scalability, and redundancy. The adopted charging 
and discharging process of the MMC cell capacitors assure 
voltage balance without any voltage measurements or complex 
control, consequently, continuous operation during cell 
malfunction is gained, where the voltage stress across each 
module is clamped to the capacitor voltage. Moreover, the cell 
FDSDFLWDQFHV DUH VPDOO WKHUHE\ UHGXFLQJ WKH FRQYHUWHU¶V
footprint. The presented simulations and experimental results 
confirm the feasibility and the features of the proposed 
topology for water disinfection applications. 
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